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1. 

ON-CHP DECOMPRESSION ENGINE 

FIELD OF THE INVENTION 

This invention relates to electronic devices, and more par 
ticularly, to microcontrollers comprising on-chip decompres 
Sion engines. 

BACKGROUND OF THE INVENTION 

Microcontrollers are often used in computing and electron 
ics, especially for controlling various Small electronic 
devices. A microcontroller is often referred to as “a computer 
on a chip. In other words, it is usually a single chip which 
includes a generally programmable processor as well as vari 
ous memories and interfaces required to allow the generally 
programmable processor to operate. A microcontroller may 
thus be compared to a computer which usually requires sev 
eral chips placed on a board (some times referred to as moth 
erboard) to achieve the functionality of a microcontroller. 

For efficiency reasons, many microcontrollers include at 
least one serial interface. While serial interfaces can be 
slower, they may be more efficient as they require fewer pins. 
Many microcontrollers require a boot-up process when 

initially powered up. The boot-up process allows a microcon 
troller to perform various actions to prepare the microcontrol 
ler for ordinary operation, Such as load initialization values in 
its registers, load instructions in its instruction memory, etc. 
Some microcontrollers include on board non-volatile 

memory, such as read-only memory (ROM), which is used in 
the boot up process. More specifically, the microcontroller 
loads initial register values, instructions etc., from the internal 
ROM. 

However, use of internal ROM to store boot up information 
may be undesirable in that it prevents changes and modifica 
tions from being made to the microcontroller's boot opera 
tion. For example, changing the initial value of one register 
would require changing the entire microcontroller, which can 
be expensive, especially if a number of microcontrollers with 
the old register value have already been manufactured. Thus, 
removing errors in a microcontroller's boot operation 
becomes difficultifall boot data of a microcontroller is stored 
internally in a ROM. 

However, storing the boot data outside of the microcon 
troller poses other difficulties. Namely, the boot data must be 
sent to the microcontroller during a boot operation. This can 
take a long time, especially if a serial interface to the micro 
controller is used. A time consuming boot sequence is gener 
ally undesirable, especially if the microcontroller is used for 
a consumer device, because it gives the impression that the 
device is slow and lacks computational power. 

SUMMARY OF THE INVENTION 

Embodiments of the present invention are directed to a 
microcontroller which includes a Register Load Assist (RLA) 
engine. The microcontroller can include Zero or minimal 
non-volatile memory which stores boot data. Thus, most of 
the boot data can be stored at a non-volatile memory external 
to the microcontroller. 
An external circuit can read the externally positioned non 

Volatile memory and send compressed boot data to the micro 
controller. The boot data can be originally stored in com 
pressed form in the external non-volatile memory or it can be 
compressed by the external circuit. The boot data can be 
received by the microcontroller and saved in an intermediate 
location in the microcontroller's internal volatile memory. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

2 
The RLA engine can then decompress the boot data and store 
various portions of it in their final destinations (such as, for 
example, in respective registers). 

Thus, by allowing the remote receipt of compressed boot 
data, the RLA engine provides for a microcontroller which 
can receive a large amount of boot data from an external 
source, but nevertheless feature a relatively fast boot-up 
Sequence. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a diagram of an exemplary microcontroller and 
various related components according to one embodiment of 
this invention. 

FIG. 2A shows an exemplary register file according to one 
embodiment of this invention. 

FIG. 2B is a diagram showing a sample communication to 
the microcontroller according to one embodiment of this 
invention. 

FIG.3 is a flowchart showing a method of operation of one 
embodiment of this invention. 

FIG. 4 is a diagram showing an exemplary block of boot 
data. 

FIG. 5 is a diagram showing an exemplary organization of 
the compressed boot data. 

FIG. 6 is a diagram showing a second exemplary organi 
Zation of the compressed boot data. 

FIG. 7 is a diagram of a computing system which can 
include an embodiment of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

In the following description of preferred embodiments, 
reference is made to the accompanying drawings which form 
a part hereof, and in which it is shown by way of illustration 
specific embodiments in which the invention can be prac 
ticed. It is to be understood that other embodiments can be 
utilized and structural changes can be made without departing 
from the scope of the preferred embodiments of the present 
invention. 

Although embodiments of the present invention are 
described herein in terms of microcontrollers for portable 
electronic devices, it should be understood that the present 
invention is generally applicable to any microcontrollers, or 
any similar circuits that require a boot sequence which in turn 
requires a significant amount of boot data. An embodiment of 
the present invention is directed to a microcontroller which 
features an internal RLA engine which facilitates unpacking 
and storing boot data. 

FIG. 1 is a diagram of a microcontroller and various related 
components according to one embodiment of this invention. 
Microcontroller 100 can include a programmable processor 
101. Register file 102 can include various registers which are 
used by the processor 101 in the ordinary operation of the 
microcontroller. The microcontroller can require that certain 
specific predefined initial values are stored in one or more of 
the registers of the register file before the microcontroller 
assumes ordinary operation. Since the register file is usually 
composed of volatile memory, the initial values can be stored 
in the register file as part of an initialization or boot operation. 
Therefore, these initial values can be a part of boot data that is 
loaded in the microcontroller during a boot-up procedure. 

Volatile memory 103 is also included in the microcontrol 
ler. The volatile memory can store data or instructions. The 
data or instructions can be used by processor 101, or other 
elements of the microcontroller, such as RLA engine 104. 
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Serial port 106 connects microcontroller 100 with various 
external modules. Serial port 106 need not be the only such 
connection. In certain embodiments, the serial port can be a 
parallel port. Serial port interface 105 provides functionality 
for processing communications to or from serial port 106. 
Thus, the serial port interface can receive communications 
from the serial port, reformat them and forward them to other 
elements in microcontroller 100. Alternatively, the serial port 
interface can receive communications from internal modules 
and forward them to external elements. 

Bus 107 is used for communications between the various 
modules of the microcontroller. The bus may allow each 
module to communicate with each other module according to 
known protocols. The bus can feature, for example, a master 
slave type of communications protocol. The bus can also 
feature a type of master-slave communications protocol in 
which multiple modules (such as, e.g., processor 101, serial 
port interface 105, RLA engine 104) can be masters. In such 
case, microcontroller 100 can also include a bus arbiter (not 
shown) which resolves any conflicts which may arise from 
situations in which multiple masters attempt to use the bus at 
the same time. In one embodiment, the bus has a much faster 
transfer speed than the serial port 106. A person of skill in the 
art would recognize that microcontroller 100 can include 
other elements as well. 

Port 106 can be connected to one or more external elements 
Such as, for example, external communications circuit 110. 
The external communications circuit can have the function of 
sending boot data to the microcontroller. An external non 
volatile memory, such as external ROM 111, can also be 
provided to store boot data. External ROM 111 may store 
other data as well. In alternative embodiments, the external 
non-volatile memory can be another type of non-volatile 
memory, such as, for example, a flash memory. 

In some embodiments the microcontroller is used to con 
trol a portable device, such as, for example a mobile phone 
featuring a multifunction touch screen. Since the microcon 
troller can be used to power a small device, it can be custom 
designed to perform specific predefined functions. For 
example, while most general purpose processors feature a 
registerset, wherein each register is as long as the processor's 
usual word length (e.g., 32, or 64 bits), a custom designed 
microcontroller as featured in certain embodiments of the 
present invention can include a more unorthodox register file. 

FIG. 2A shows an exemplary register file according to an 
embodiment of the present invention. The register file 
includes two register sets—register set 200 and register set 
210. The register file shown in FIG. 2A may correspond, for 
example, to a microcontroller with a 16-bit processor, i.e., 
microcontrollers featuring a 16-bit word size. Nevertheless, 
register set 200 comprises 512 five-bit registers, while regis 
terset 210 comprises 64 nine-bit registers. An embodiment of 
the present invention can feature a register file comprising of 
either of the two register sets, a combination of the two 
register sets, or an entirely different register set. 

Thus, the size of the various registers can differ from the 
processor word size. This is the case because registers of 
unorthodox sizes may be chosen as best Suited for certain 
specific predefined operations the microcontroller is to per 
form. For example, the microcontroller can be used to display 
images on a screen and each five-bit register of the register file 
200 can represent a color value for a pixel on a screen. 
The registers in the microcontroller's register file can be 

read and loaded in a manner similar to that of memory loca 
tions. Thus, each register can have an address associated with 
it, the address being part of an address space which also 
references the volatile memory 103 and any microcontroller 
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4 
ROM (if present). However, since the size of a register can be 
smaller than the microcontroller's word size, register read 
and write operations may have to be performed with words, 
wherein only a portion of the word is significant. For 
example, with a word size of 16, and the register set 200, an 
operation to write the value 10101 to a register may include 
the word '0000 0000 0001 0101 wherein only the 5 right 
most bits of the word are significant. A person of skill in the 
art would recognize that any other portion of the word may be 
considered significant (and the significant portion need not be 
continuous), and that the non-significant portion need not be 
filled with Zeroes only. 

Serial port interface 105, due to its serial nature, sends or 
receives data bit by bit to and from serial port 106. In some 
embodiments, a parallel port and a parallel port interface may 
be used. However, even in these embodiments, due to cost 
concerns the speed of data throughput at the interface is 
usually slower than that of the bus. That is the case because 
communications at the interface are usually performed 
through pins, which are usually expensive. 
The serial port interface can be capable of direct access to 

memory 103 and in certain cases register file 102. Thus, the 
serial interface can write received data directly to a memory 
through a bus, instead of involving the processor and thus 
possibly causing a slow down of some other task the proces 
Sor may be performing. Also, the serial port interface can be 
a master on bus 107 so that it can initiate memory write 
operations. 
The serial port interface operates according to predefined 

protocols to receive and/or send data. For example, FIG. 2B 
shows communication 220 which can be sent to the serial port 
interface from an external entity, such as external communi 
cations circuit 110. Communication 220 comprises header 
221 which may have various different lengths and which 
indicates to the serial interface a communication type. For 
example the header may indicate that the communication is a 
memory write. The communication can also include 16-bit 
address 222, which indicates the address at which the 
memory should be written as well as 16-bit data 223 which is 
a word which is to be written at address 222. 
The communication can also include a plurality of redun 

dancy check bits 224, which check whether the communica 
tion has been correctly received. The redundancy check bits 
can be cyclic redundancy check (CRC bits). The redundancy 
check bits can be of different numbers depending on the 
redundancy check scheme being utilized. Other types of 
redundancy checking (other than CRC) can be utilized. For 
example, a simple checksum can be used instead of the CRC 
bits. The serial port interface can use the redundancy check 
bits to determine whether the communication was correctly 
received before writing it to memory, and/or request a repeat 
transmit of the communication if it were not correctly 
received. Having received the communication, the serial port 
interface can then communicate with memory 103 to write 
data 223 at address 222. 

It is noted that address field 222 can reference a location in 
register file 102 instead of memory 103. Thus, communica 
tion 220 can be used to write to a register file. 

In order for microcontroller 100 to commence ordinary 
operation, it can be required that certain predefined values be 
loaded in the registers of register file 102. These predefined 
values can be stored in ROM in the microcontroller itself and 
loaded in the register file by the processor. However, as dis 
cussed above, this method is not desired as it may fix the 
predefined values at the stage of production of the microcon 
troller and may not allow for later updates or error correc 
tions. 
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The predefined values can be sent from an element external 
to the microcontroller (such as, for example, external com 
munication circuit 110) to the microcontroller at time of boot 
up. For example, external circuit 100 can send a plurality of 
communications, such as communication 220, to serial port 
interface 105, wherein each communication includes an 
address of a register as well as a predefined value for that 
register. The serial port interface can then write the predefined 
values to register file 102. 

However, in the present example, the bootup communica 
tions can take up too much time. For example, if the register 
file includes register set 200, then only five bits of 16-bit data 
field 223 would be significant. The other 11 bits would be 
irrelevant, but they would still need to be transmitted in order 
to satisfy the format of communication 220. Furthermore, 
many additional bits as part of the header, address and CRC 
fields must also be transmitted in order for these five signifi 
cant payloadbits to be transmitted. Therefore, using commu 
nications such as communication 220 to preload boot up 
register values may require the transmission of many over 
head bits in relation to the number of significant payloadbits. 
Thus, such a scheme would be slow, and generally slow down 
the boot up process. As discussed above, a slow boot up 
process can create a negative impression in the mind of a 
consumer. Therefore, a faster scheme for loading predefined 
values into the registers on boot up is required. For this 
purpose, embodiments of the present invention provide for 
sending compressed boot data into microcontroller 100, as 
discussed below. 

FIG. 3 is a flowchart showing a method of operation of 
embodiments of the present invention. At step 300, a set of 
compressed boot data is sent to the microcontroller. This can 
be performed, for example, by the external communication 
circuit 110. The external communications circuit can com 
press the boot data itself, receive boot data that has been 
compressed by another entity, or obtain the compressed boot 
data from a non-volatile memory (such as ROM 111) where it 
has been saved in its compressed form. Since the Soot data is 
usually defined at the time of manufacture of a device and 
does not change during the life of the device, it may be 
Suitable to save it in its compressed form in a static memory. 
In another embodiment the boot data can be stored in other 
types of non-volatile memory, such as, for example FLASH 
memory. In this embodiment, the boot data can be updated by 
the device if necessary. 

The boot data can be sent in a single block. FIG. 4 shows an 
exemplary block of boot data 400. Block 400 includes header 
401 which identifies the block as a boot data block to the serial 
port interface. The block further includes data field 402. 
which includes the compressed boot data. In contrast to com 
munication 220 shown in FIG.2B, the data field can comprise 
a plurality of words. The size of data field 402 can be stored in 
the header 401. Cyclical redundancy check field 403 (or other 
redundancy check field, Such as, e.g., a checksum) can also be 
part of the block. 

Referring back to FIG. 3, at step 302, serial port interface 
105 receives the data block 400. As part of receiving the data 
block, the serial port interface can perform a CRC check on 
the data block. The serial port interface can then store data 
field 402 of the data block in volatile memory 103. The serial 
port interface can store the data block in a location referenced 
by header 401. Alternatively, the serial port interface can store 
the data field in a predefined location which is associated with 
the boot up sequence. It is noted that while the data field can 
include initialization values of the registers within register file 
102, it is not initially stored in the register file. This is the case 
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6 
because the data within the data field is still compressed and 
thus cannot be directly placed in the registers. 

At step 306, the serial port interface, having finished saving 
the data field, can activate or invoke RLA engine 104. The 
RLA engine is used to decompress the data field into various 
register initialization values and to load these values into their 
respective registers. The RLA engine may access the Volatile 
memory at a predetermined address associated with the boot 
up process. Alternatively, the RLA engine may receive an 
address from serial port interface 105 when it is being invoked 
by the serial port interface. In this case, this address may be 
initially included in header field 401. 
The RLA engine can be considered in general to be a 

decompression engine. It may be implemented through a 
generally programmable processor. Alternatively, it can be 
implemented by an application specific circuit which can be 
specifically designed to perform the decompression function. 
For example, the RLA engine can be a specific application 
specific circuit within a larger application specific integrated 
circuit (ASIC) which defines the entire microcontroller 100. 
If implemented by an application specific circuit, the RLA 
engine can offer significant performance improvements over 
a general purpose processor. The RLA engine can be config 
ured to retrieve and execute commands as part of decompres 
sion. Further details as to how the boot data is compressed and 
decompressed are provided below. 
At step 308, the RLA engine accesses the compressed boot 

data from the Volatile memory, decompresses it and uses it to 
load the various registers in register file 102. At step 310, the 
RLA engine has completed its task of decompressing the boot 
data, and performs a function that indicates that this stage of 
the boot process is complete. For example, the RLA engine 
may activate processor 101 by issuing an interrupt which 
indicates that the bootup process is over and the processor can 
proceed with ordinary operation. Alternatively, if the boot 
process is not complete, the RLA engine can invoke another 
element of the microcontroller which performs another por 
tion of the boot process, or it can issue an interrupt to the 
microprocessor which indicates that a specific stage of the 
boot up process is completed in order to allow the micropro 
cessor to proceed with additional stages. 

In some embodiments, the compressed boot data can 
include data other than initial register values. For example, it 
can include initial memory values, or initial instructions. In 
Sucha case, the RLA engine can decompress and load instruc 
tions in an instruction memory (which can be part of volatile 
memory 103), or can decompress other initial memory values 
and load them in their intended memory locations. 

FIG.5 shows an exemplary organization of the compressed 
boot data. Compressed boot data 500 is shown. That data can 
be the data included in data field 402 or copied in volatile 
memory 103. Also, register file 200 is shown. The com 
pressed data may include a plurality of initial register values 
intended for the register file. Usually (see, e.g., discussion of 
FIG. 2B) each register value would be represented by a single 
16-bit word 302. And since the register file 200 is five-bit, 
only five of the 16 bits of that word would be significant. In 
compressed boot data 500, only the significant bits are kept 
and the insignificant bits are removed. Therefore, if com 
pressed data 500 holds initial values for register file 200, it can 
hold a series offive-bit values 501,502,503,504, etc., each of 
which is an initial value intended for registers 511-514, 
respectively. 

Since only five-bit values are held in the compressed data, 
they can be packed so that multiple values are held in each 
word. Thus values 501-503 are all placed in the first word 520, 
and additional values are placed in the following words. Also, 
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in order to use space efficiently a single value can be placed in 
two words. For example value 504 is placed in the first and 
Second words 520 and 521. 

After the compressed data 500 is saved in a predefined 
location, the RLA engine can access the predefined location 
and load the values 501-504 into their respective registers. To 
perform this, the RLA engine can load a word (Such as word 
520) out of the predetermined location in memory, and obtain 
all register values or portions thereof from that word. The 
RLA engine can then place each obtained five-bit register 
value in a 16-bit word, filling in the rest of the space with 
insignificant bits. Thus, the RLA engine forms a full word 
which is more suitable for transmission over the bus 107. The 
RLA engine can then consecutively send each formed word to 
the register file with instructions to load these words into 
consecutive registers. Register file 102 can receive the words, 
strip off the insignificant bits, and load the significant five-bit 
values 501-504 into their respective registers 511-514. In 
practice, there can be much more than four registers and 
register values. 
The above described compression scheme is relatively 

simple and can require a single predetermined method of 
decompression. In other words, since only a single data block 
is sent to the RLA engine, and no meta data or commands as 
to how to decompress the data are sent to the RLA engine, the 
RLA engine can only perform a single predefined method of 
decompression. 

In more complex embodiments, the RLA engine can be 
configured to execute commands which have been placed in 
the compressed boot data. FIG. 6 shows an exemplary orga 
nization of the compressed data in Such a more complex 
embodiment. 

In such an embodiment the RLA engine may be able to 
retrieve and execute instructions from the compressed boot 
data. Instructions generally describe how the data should be 
decompressed and where it should be saved. For example an 
instruction can indicate one or more of the following: (i) how 
a certain portion of the data is compressed (and, consequently 
how it should be decompressed); (ii) where the portion of 
compressed data to which the instruction pertains has been 
placed; (iii) and where (e.g., in which registers) should the 
decompressed data be placed. 
The use of instructions greatly increases the flexibility of 

the RLA engine. Thus, the various methods of compression 
can be modified without requiring changes in the design of the 
RLA engine. For example, with reference to compressed data 
600 shown in FIG. 6, first instruction 601 can indicate that a 
certain portion of data must be decompressed in a manner 
similar to that described above with reference to FIG. 5. That 
is, the five-bit values 610-615 can be consecutively placed in 
respective five-bit registers 620 through 625. Instruction 601 
may specifically refer to the compressed data on which the 
instruction is to be performed (i.e. the two words following 
the instruction). Alternatively, the data on which the instruc 
tion is to be performed may not be explicitly addressed by the 
instruction, but can be assumed to be a certain number of 
words (which number may be defined by the instruction) after 
the instruction. The data need not immediately follow its 
respective instruction. It can be placed in a different portion of 
compressed data 600 and referred to by the instruction. 

Second instruction 602 can also be included in compressed 
data 600. The second instruction can state that the next two 
words are to be used to load the first three registers of nine-bit 
register set 210. Instruction 602 can refer to a decompression 
method similar to that of instruction 601. In other words, only 
the significant bits of the register values are kept in the com 
pressed data, and the RLA engine must fill in the insignificant 
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bits (e.g., with Zeros) and send a load instruction across the 
bus to the respective register. Since register set 210 is nine bits 
wide, the RLA engine splits up the data in the next words in a 
different manner (i.e., in nine bit chunks) in order to load 
values 630, 631, and 632 into registers 640, 641 and 642. 

Third instruction 603 can also be present. The third instruc 
tion can also refer to loading data in register set 210, but it can 
refer to a different decompression method. It can state that the 
value of the first nine bits 650 in the following word must be 
loaded in five consecutive registers 660-664 in register set 
210. Therefore, the RLA engine can load the value 650, add 
the necessary insignificant bits to turn it into a full word, and 
load in it the five registers 660-664. This can be performed, 
for example, by sending five consecutive load instructions to 
register file 102 including the same value value 650. 

Instructions such as instruction 603 can be especially use 
ful if many initial values of the registers are identical. For 
example, if a range of registers must be initially set to one, 
instruction 603 can define these values without using up much 
space, and thus can provide a high level of compression of 
compressed boot data 600. 

Other types of instructions may also be used. For example, 
more complex methods of compression can be utilized. Thus, 
for example, certain instructions can indicate that a certain 
portion of the compressed data is coded using a type of 
variable length coding, Such as Huffman coding. In Such a 
case, the compressed data can include Huffman coded data as 
well as the necessary Huffman tables for decoding that data. 
In addition, run length encoding or other types of encoding 
can also be used. 

While, FIG. 6 shows that instructions are dispersed in 
different positions within the compressed data, that does not 
need to be the case. In another embodiment, the instructions 
and the actual compressed data can be saved in two separate 
regions of the block 600. This way space can be utilized more 
efficiently. In other words, placing instructions in a separate 
region of memory provides that the requirement that the 
instructions are placed in whole words (this requirement may 
be present in some embodiments, in order to facilitate easier 
instruction retrieval) does not cause an unnecessary waste of 
space. For example, referring to FIG. 6, the space after data 
element 614 can be wasted, because instruction 602 may need 
to be placed in an entire word. The instructions may include 
references to the data they are associated with. Therefore, 
even if the instructions are placed in a separate area than the 
data, the RLA engine may use these references to access the 
data which the instructions relate to. 

In general, the ability of the RLA engine to read and 
execute instructions from the compressed data allows the 
designers of a device to select and modify various types of 
boot data and the types of compression techniques the boot 
data is compressed by without necessitating a redesign of the 
RLA engine. While the RLA engine can be configured to 
execute instructions, it can nevertheless be an application 
specific circuit (which may be a part of a larger ASIC). In 
other words, it can be custom designed to execute specific 
compression and data loading algorithms and instructions, 
and not to perform the general operations of a general purpose 
processor. However, in another embodiment, the RLA engine 
can include a general purpose processor. 

In one embodiment, the RLA engine can be configured to 
utilize processor 101 for more complex decompression tasks. 
The RLA engine may load processor instructions in the pro 
cessors instruction memory and activate the processor in 
order to perform certain operations (for example, more com 
plex mathematical operations). The RLA engine can then 
obtain the results and load certain registers accordingly. 
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While the RLA engine has mostly been described above 
with respect to loading initial register values during a boot up 
procedure, it can also be configured to load values in other 
types of memory, such as volatile memory 103 in a similar 
manner. For example, as discussed above, the RLA engine 
may load processor instructions in volatile memory 103. 

In one embodiment, the RLA engine is used in connection 
to a boot up process. However, another embodiment may use 
the RLA engine in ordinary operation as well. For example, if 
certain software needs to set a range of registers or memory to 
certain values, it can compress these values, place them in 
memory with appropriate RLA engine instructions, and acti 
vate the RLA engine. The RLA engine can then decompress 
the values according to the instructions and load the respec 
tive registers, and/or memory according to the values and the 
instructions. Since in many embodiments, the RLA engine 
comprises a custom designed circuit, it can be faster at its 
function than the processor 101. Furthermore, the RLA 
engine can operate in parallel with the processor 101. There 
fore, it can be helpful to use the RLA engine outside of the 
boot process. 

The external communications circuit 110 can send all nec 
essary compressed boot data and instructions in one block, 
such as block 600. However, in one embodiment, the external 
communications circuit 110 can send the compressed boot 
data in two or more blocks. 

Thus, when serial port interface 105 completes the storage 
of a first block in volatile memory 103, it can activate the RLA 
engine. The RLA engine can then proceed to read the stored 
data and decompress data and load registers and/or memory 
as necessary. The serial port interface can initiate the receipt 
of a second block of data, while the RLA engine is operating 
on the first block of data. 

Thus, parallel operation of the serial block interface 105 
and the RLA engine 104 can be achieved. This can result in 
further decreases of the time necessary for bootup. And while 
serial port interface 105, and RLA engine 104 can both need 
to use the bus 107 during their parallel operation, various bus 
control algorithms, or a bus arbitrator (if present) can allow 
for the bus to be shared by these two elements. 

FIG. 7 is an overall diagram of a device which can be used 
in conjunction with the present invention. The device is a 
portable electronic device featuring a multi touch sensitive 
panel. However, as discussed above, the present invention is 
not limited to this device or a device of this type. 

FIG. 7 illustrates exemplary computing system 100 that 
uses multi-touch panel 724. Computing system 700 can 
include one or more multi-touch panel processors 702 and 
peripherals 704, and multi-touch subsystem 706. One or more 
processors 702 can include, for example, ARM968 proces 
sors or other processors with similar functionality and capa 
bilities. However, in other embodiments, the multi-touch 
panel processor functionality can be implemented instead by 
dedicated logic, such as a state machine. Peripherals 704 may 
include, but are not limited to, random access memory 
(RAM) or other types of memory or storage, watchdog timers 
and the like. Multi-touch subsystem 706 can include, but is 
not limited to, one or more analog channels 708, channel scan 
logic 710 and driver logic 714. Channel scan logic 710 can 
access RAM 712, autonomously read data from the analog 
channels and provide control for the analog channels. This 
control can include multiplexing columns of multi-touch 
panel 724 to analog channels 708. In addition, channel scan 
logic 710 can control the driver logic and stimulation signals 
being selectively applied to rows of multi-touch panel 724. In 
some embodiments, multi-touch subsystem 706, multi-touch 
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panel processor 702 and peripherals 704 can be integrated 
into a single application specific integrated circuit (ASIC). 

Driver logic 714 can provide multiple multi-touch sub 
system outputs 716 and can present a proprietary interface 
that drives high voltage driver, which is comprised of decoder 
720 and subsequent level shifter and driver stage 718, 
although level-shifting functions could be performed before 
decoder functions. Level shifter and driver 718 can provide 
level shifting from a low voltage level (e.g. CMOS levels) to 
a higher Voltage level, providing a better signal-to-noise 
(S/N) ratio for noise reduction purposes. Decoder 720 can 
decode the drive interface signals to one out of N outputs, 
whereas N is the maximum number of rows in the panel. 
Decoder 720 can be used to reduce the number of drive lines 
needed between the high voltage driver and multi-touch panel 
724. Each multi-touch panel row input 722 can drive one or 
more rows in multi-touch panel 724. In some embodiments, 
driver 718 and decoder 720 can be integrated into a single 
ASIC. However, in other embodiments, driver 718 and 
decoder 720 can be integrated into driver logic 714, and in 
still other embodiments, driver 718 and decoder 720 can be 
eliminated entirely. 

Multi-touch panel 724 can in some embodiments include a 
capacitive sensing medium having a plurality of row traces or 
driving lines and a plurality of column traces or sensing lines, 
although other sensing media may also be used. The row and 
column traces may be formed from a transparent conductive 
medium, such as Indium Tin Oxide (ITO) or Antimony Tin 
Oxide (ATO), although other transparent and non-transparent 
materials. Such as copper, can also be used. In some embodi 
ments, the row and column traces can be formed on opposite 
sides of a dielectric material, and can be perpendicular to each 
other, although in other embodiments other non-orthogonal 
orientations are possible. For example, in a polar coordinate 
system, the sensing lines can be concentric circles and the 
driving lines can be radially extending lines (or vice versa). It 
should be understood, therefore, that the terms “row' and 
“column,” “first dimension' and 'second dimension, or 
“first axis' and “second axis' as used herein are intended to 
encompass not only orthogonal grids, but the intersecting 
traces of other geometric configurations having first and sec 
ond dimensions (e.g. the concentric and radial lines of a 
polar-coordinate arrangement). It should also be noted that in 
other embodiments, the rows and columns can be formed on 
a single side of a substrate, or can be formed on two separate 
Substrates separated by a dielectric material. In some embodi 
ments, the dielectric material can be transparent, such as 
glass, or can be formed from other materials, such as mylar. 
An additional dielectric cover layer may be placed over the 
row or column traces to strengthen the structure and protect 
the entire assembly from damage. 
At the “intersections” of the traces, where the traces pass 

above and below each other (but do not make direct electrical 
contact with each other), the traces essentially form two elec 
trodes (although more than two traces could intersect as well). 
Each intersection of row and column traces can represent a 
capacitive sensing node and can be viewed as picture element 
(pixel) 726, which can be particularly useful when multi 
touch panel 724 is viewed as capturing an "image' of touch. 
(In other words, after multi-touch subsystem 706 has deter 
mined whether a touch event has been detected at each touch 
sensor in the multi-touch panel, the pattern of touch sensors in 
the multi-touch panel at which a touch event occurred can be 
viewed as an “image' of touch (e.g. a pattern of fingers 
touching the panel).) The capacitance between row and col 
umn electrodes appears as a stray capacitance on all columns 
when the given row is held at DC and as a mutual capacitance 
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Csig when the given row is stimulated with an AC signal. The 
presence of a finger or other object near or on the multi-touch 
panel can be detected by measuring changes to Csig. The 
columns of multi-touch panel 724 can drive one or more 
analog channels 708 (also referred to herein as event detec 
tion and demodulation circuits) in multi-touch subsystem 
706. In some embodiments, each column is coupled to one 
dedicated analog channel 708. However, in other embodi 
ments, the columns may be couplable via an analog Switch to 
a fewer number of analog channels 708. 

Computing system 700 can also include host processor 728 
for receiving outputs from multi-touch panel processor 702 
and performing actions based on the outputs that may include, 
but are not limited to, moving an object such as a cursor or 
pointer, Scrolling or panning, adjusting control settings, open 
ing a file or document, viewing a menu, making a selection, 
executing instructions, operating a peripheral device con 
nected to the host device, answering a telephone call, placing 
a telephone call, terminating a telephone call, changing the 
Volume or audio settings, storing information related to tele 
phone communications such as addresses, frequently dialed 
numbers, received calls, missed calls, logging onto a com 
puter or a computer network, permitting authorized individu 
als access to restricted areas of the computer or computer 
network, loading a user profile associated with a user's pre 
ferred arrangement of the computer desktop, permitting 
access to web content, launching a particular program, 
encrypting or decoding a message, and/or the like. Host pro 
cessor 728 may also perform additional functions that may 
not be related to multi-touch panel processing, and can be 
coupled to program storage 732 and display device 730 such 
as an LCD display for providing a user interface (UI) to a user 
of the device. 

Multi touch panel processor 704 can be implemented as 
part of the microcontroller of the present invention. Random 
access memory 712 can be part of the same microcontroller as 
the multi-touch processor. 

The above described system can be, for example, a mobile 
telephone with a touch sensitive screen. It can also belong to 
a number of other types of portable and non-portable elec 
tronic devices, such as PDAs, portable music players, etc. The 
present invention may provide for a significant overall benefit 
to the device, as a shorter boot period would generally create 
a much more favorable impression of the device in the mind 
of a user of the device. However, the present invention may be 
used in the context of other devices or systems as discussed 
below. 
A person of skill in the art would recognize that various 

modifications can be made to the embodiments discussed 
herein, without departing from the scope of the present inven 
tion. For example, RLA engine 104 can be implemented as 
part of the serial port interface 105. 

Also, while the embodiments discussed herein usually pro 
vide that the processor is not active during the boot operation, 
Some embodiments can feature a more active processor. For 
example, the processor can operate based on instruction in a 
non-volatile memory within the microcontroller and it may 
perform various functions, such as activating the serial port 
interface, activating the RLA engine, etc. 

While the embodiments discussed herein have been mostly 
described in the context of a microcontroller for a portable 
device this need not be the case. The present invention can be 
adapted to any computing system which requires some exter 
nal boot data to be received over a relatively slow (or other 
wise inexpensive) interface, and are thus not limited to a 
microcontroller or to a portable device. For example the 
present invention can be used in the context of computers, 
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12 
servers, or mainframes which need to boot up by loading boot 
data from an external source for various reasons. These rea 
Sons may be to ensure uniformity, to ensure security, to pre 
vent unauthorized use of the systems, etc. 

Although the present invention has been fully described in 
connection with embodiments thereof with reference to the 
accompanying drawings, it is to be noted that various changes 
and modifications will become apparent to those skilled in the 
art. Such changes and modifications are to be understood as 
being included within the scope of the present invention as 
defined by the appended claims. 
What is claimed is: 
1. A method for entering data into a register file of a 

processing module, the processing module including a pro 
cessor and an application specific decompression engine dis 
tinct from the processor, the method comprising: 

storing a first set of data into an intermediate memory, the 
first set of data comprising instructions and a set of 
compressed data including compressed initial register 
values to be stored in the register file of the processing 
module; 

reading from the intermediate memory the compressed 
initial register values by the decompression engine; 

retrieving a first set of one or more instructions from the 
first set of data by the decompression engine; 

decompressing the compressed initial register values by 
the decompression engine to produce a set of decom 
pressed initial values, wherein the decompressing is per 
formed in accordance with the retrieved instructions; 

transferring the decompressed initial values over an inter 
nal bus of the processing module to the register file of the 
processing module, and 

saving in the register file the transferred decompressed 
initial values. 

2. The method of claim 1, wherein the method is performed 
as part of a boot up procedure, and further including alerting 
the processor of the completion of a bootup procedure by the 
decompression engine. 

3. The method of claim 1, further including receiving the 
first set of data from a source external to the processing 
module through a port of the processing module. 

4. The method of claim 3, wherein the port of the process 
ing module has a data transfer speed which is slower than a 
data transfer speed of the internal bus of the processing mod 
ule. 

5. The method of claim 1, wherein the processing module 
is a microcontroller. 

6. The method of claim 1, wherein the decompression 
engine is an application specific circuit. 

7. The method of claim 1, wherein decompressing the 
compressed initial register values further includes: 

retrieving a reference to the set of compressed initial reg 
ister values within the first set of data from the one or 
more instructions; and 

accessing the set of compressed initial register values 
based on the reference. 

8. The method of claim 1, whereindecompressing the set of 
compressed data further includes: 

retrieving an indication of a method of decompression 
from the one or more instructions; and 

decompressing the set of compressed initial register values 
according to the method of decompression. 

9. The method of claim 8, further including: 
retrieving a second set of one or more instructions; 
retrieving a second indication of a second method of 

decompression from the second set of instructions, the 
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second method of decompression being distinct from the 
method of decompression; and 

decompressing a second set of compressed initial register 
values within the first set of data according to the second 
method of decompression. 

10. The method of claim 1, wherein the register file com 
prises a plurality of registers and the size of each register in 
the register file is less than the processor word size. 

11. The method of claim 1, wherein transferring the 
decompressed initial values over an internal bus comprises 
expanding the decompressed initial values into a bus word 
size optimized for transmission over the internal bus, and 
saving the transferred decompressed initial values includes 
reducing the bus word size into a word size optimized for 
storing in the register file. 

12. The method of claim 1, wherein decompressing the 
compressed initial register values further comprises: 

obtaining a value having a first number of significant bits 
from the compressed initial register values; and 

appending a second number of insignificant bits to the 
value in order to form a resulting value of the processor's 
word size. 

13. The method of claim 1, wherein decompressing the set 
of compressed initial register values further comprises Huff 
man decoding the set of compressed initial register values. 

14. The method of claim 1, wherein decompressing the set 
of compressed initial register values further comprises run 
length decoding the set of compressed initial register values. 

15. The method of claim 1, further comprising: 
receiving the first set of data by a communications interface 

of the processing module; and 
activating the decompression engine by the communica 

tions interface; 
wherein the storing of the first set of data is performed by 

the communications interface. 
16. A method of loading initialization values into a micro 

controller comprising a processor and a decompression 
engine, the method comprising: 

receiving a set of data from a source external to the micro 
controller by a communications interface of the micro 
controller, the set of data including instructions and 
compressed initialization values, the compressed initial 
ization values to be loaded into a register file of the 
microcontroller; 

saving the set of data in a memory by the communications 
interface; 

activating the decompression engine by the communica 
tions interface; 

decompressing at least a portion of the set of data by the 
decompression engine in accordance with the instruc 
tions to obtain decompressed initialization values corre 
sponding to the compressed initialization values; 

transferring the decompressed initialization values over an 
internal bus of the microcontroller to a register file of the 
microcontroller, and 

saving in the register file the transferred decompressed 
initialization values. 

17. The method of claim 16 wherein the decompression 
engine comprises application specific circuits. 

18. The method of claim 16, wherein the instruction 
includes a reference to a method of decompression, and the at 
least a portion of the set of data is decompressed according to 
the method of decompression. 

19. The method of claim 16, wherein the register file com 
prises a plurality of registers and the size of each register in 
the register file is less than the processor word size. 
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20. The method of claim 16, further including notifying the 

processor of a completion of a boot up task by the decom 
pression engine. 

21. An electronic device comprising: 
a processing module further including 

a processor having an internal bus and a register file, 
a memory connected to the processor over the internal 

bus, and 
a decompression engine connected to the processor and 

the memory over the internal bus and comprising 
application specific electronics configured to 
retrieve a set of data comprising a set of one or more 

instructions and compressed data including initial 
ization values from the memory, 

execute the one or more instructions in order to 
decompress the set of compressed data, 

decompress the set of compressed data to obtain a set 
of uncompressed data, 

transferring the uncompressed data over the internal 
bus of the processor to the register file of the pro 
cessor, and 

the register file operative to save the set of uncompressed 
data to registers within the register file; and 

a compressed data source external to the processing mod 
ule, the data source including the set of data and config 
ured to send the set of data to the processing module. 

22. The electronic device of claim 21, wherein the com 
pressed data source further comprises a non-volatile memory, 
which comprises the set of data. 

23. The electronic device of claim 21, wherein the register 
file comprises a plurality of registers and the size of each 
register in the register file is less than the processor word size. 

24. The electronic device of claim 21, wherein the one or 
more instructions further comprise a reference to a decom 
pression method, and the decompression engine is further 
configured to use the decompression method to decompress 
the set of compressed data. 

25. The electronic device of claim 21, wherein the process 
ing module is a microcontroller. 

26. The electronic device of claim 21, wherein the process 
ing module further comprises: 

a communications port connected to the compressed data 
Source; and 

wherein the internal bus features a data transfer rate which 
is faster than that of the communications port. 

27. The electronic device of claim 26, wherein the com 
munications port is a serial port, and the internal bus is a 
parallel bus. 

28. The electronic device of claim 26, wherein the process 
ing module further comprises a communications interface 
comprising digital logic configured to cause the communica 
tions interface to: 

receive the set of data from the compressed data source; 
save the set of data into the memory; and 
activate the decompression engine. 
29. The electronic device of claim 21, wherein the initial 

ization values are required for a boot up procedure. 
30. The electronic device of claim 21, wherein the elec 

tronic device is a mobile telephone. 
31. The electronic device of claim 21, wherein the elec 

tronic device is a portable audio player. 
32. An electronic device comprising: 
a processing module further comprising 

a processor having an internal bus and a register file, 
means for storing data in a memory connected to the 

processor, 
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retrieval means for retrieving from the memory a set of 
data comprising one or more instructions and a set of 
compressed data, wherein the compressed data 
includes initialization values to be stored in the reg 
ister file of the processor, 

decompression means for executing the one or more 
instructions to decompress the set of compressed data 
to obtain a set of uncompressed data, 

means for transferring the decompressed data over the 
internal bus to the register file, and 

storage means for storing the set of uncompressed data 
in registers of the register file; and 

external data source means for sending the set of data to the 
processing module, the external data source means 
being external to the processing module. 

33. A micro controller comprising: 
a processor; 
a register file; 
a receiving means for receiving a set of data from a source 

external to the microcontroller, the set of data including 
one or more instructions and compressed data including 
compressed initialization values; 

a storage means for storing the set of data in a memory; 
a decompression means for decompressing the compressed 

data in accordance with the one or more instructions to 
obtain a set of decompressed data including decom 
pressed initialization values, the decompression means 
further transmitting the decompressed initialization val 
ues the register file; and 

a decompressed data storage means for storing the set of 
decompressed data into a destination memory; 

wherein the decompression means are distinct from the 
processor. 

34. A mobile telephone comprising: 
a processing module further comprising 

a processor having an internal bus and a register file, 
a memory connected to the processor over the internal 

bus, and 
a decompression engine connected to the processor and 

the memory over the internal bus and comprising 
application specific electronics configured to 
retrieve a set of data comprising a set of one or more 

instructions and compressed data including initial 
ization values from the memory, 

execute the one or more instructions in order to 
decompress the set of compressed data, 

decompress the set of compressed data to obtain a set 
of uncompressed data, 

transferring the uncompressed data over the internal 
bus of the processor to the register file of the pro 
cessor, and 

save the set of uncompressed data to registers within 
the register file; and 

a compressed data source external to the processing mod 
ule, comprising the set of data and configured to send the 
set of data to the processing module. 

35. A digital audio player comprising: 
a processing module further comprising 

a processor having an internal bus and a register file, 
a memory connected to the processor over the internal 

bus, and 
a decompression engine connected to the processor and 

the memory over the internal bus and comprising 
application specific electronics configured to 
retrieve a set of data comprising a set of one or more 

instructions and compressed data including initial 
ization values from the memory, 
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execute the one or more instructions in order to 

decompress the set of compressed data, 
decompress the set of compressed data to obtain a set 

of uncompressed data, 
transferring the uncompressed data over the internal 

bus of the processor to the register file of the pro 
cessor, and 

save the set of uncompressed data to registers within 
the register file; and 

a compressed data source external to the processing mod 
ule, comprising the set of data and configured to send the 
set of data to the processing module. 

36. A method for entering data into a register file of a 
processing module, the processing module including a pro 
cessor and a decompression engine, the method comprising: 

storing in an intermediate memory, compressed initial reg 
ister values to be stored in the register file of the process 
ing module; 

reading from the intermediate memory the compressed 
initial register values by the decompression engine; 

decompressing the compressed initial register values by 
the decompression engine to produce a set of decom 
pressed initial values; 

transferring the decompressed initial values to the register 
file of the processing module, and 

saving in the register file the transferred decompressed 
initial values. 

37. The method as recited in claim 36 further comprising: 
configuring the register file to have a word length smaller 

than a word length of the intermediate memory. 
38. The method as recited in claim 36 
whereintransferring the decompressed initial values com 

prises: 
transferring the decompressed initial values over an inter 

nal bus of the processing module and 
expanding the decompressed initial values into a bus word 

size optimized for transmission over the internal bus, 
and 

wherein saving the transferred decompressed initial values 
includes: 

reducing the bus word size into a word size optimized for 
storing in the register file. 

39. The method as recited in claim 37 
wherein transferring the decompressed initial values com 

prises: 
transferring the decompressed initial values over an inter 

nal bus of the processing module and 
expanding the decompressed initial values into a bus word 

size optimized for transmission over the internal bus, 
and 

wherein saving the transferred decompressed initial values 
includes: 

reducing the bus word size into a word size optimized for 
storing in the register file. 

40. An electronic device comprising: 
a processing module further including 

a processor having an internal bus and a register file, 
a memory connected to the processor over the internal 

bus, and 
a decompression engine connected to the processor and 

the memory over the internal bus and configured to 
retrieve compressed initialization values from the 

memory, 
decompress the compressed initialization values to 

obtain a set of uncompressed initialization values, 
transfer the uncompressed initialization to the register 

file of the processor, and 
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save the set of uncompressed initialization values to 
registers within the register file. 

41. The electronic device as recited in claim 40 wherein the 
transfer of the uncompressed initialization values includes 
transferring the uncompressed initialization values over an 
internal bus of the processor and expanding the uncom 
pressed initialization values into a bus word size optimized 
for transmission over the internal bus, and the saving of the set 
of uncompressed initialization values includes reducing the 
bus word size into a word size optimized for storing in the 
register file. 

42. The electronic device as recited in claim 41 wherein the 
register file word length is smaller than the word length of the 
memory. 

5 

10 

18 
43. The electronic device as recited in claim 40 wherein the 

register file word length is smaller than the word length of the 
memory. 

44. The electronic device as recited in claim 40 further 
comprising: 

a compressed data source external to the processing mod 
ule, the compressed data source including the initializa 
tion values and configured to send the initialization val 
ues to the processing module. 

45. The electronic device as recited in claim 40 wherein the 
electronic device comprises a micro controller, a mobile tele 
phone, or a digital audio player. 

k k k k k 
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